Background: The aim of the study was to assess the body mass index (BMI) and other risk factors associated with lumbar disc herniation (LDH) and clinical outcomes, in patients who undergo surgery for single-level LDH.
Introduction
The success of an effective surgical treatment in lumbar disc herniation (LDH) is of paramount importance for the surgeon and depends on various underlying factors. Surgical site infection, hemorrhage, nerve root injury, recurrence or residual disc, dural tear, discitis and epidural scar formation are only a few of these factors [1] [2] [3] [4] .
Εspecially in obese patients due to the coexistence with serious chronic disease related to morbidity and mortality but also the need of large incisions in order to have a better exposure [5] .
Some studies have reported increased postoperative complications after spine surgery [6] [7] [8] , while others have established a beneficial effect from surgery on obese patients with the appropriate indications [9, 10] .
Recurrent LDH is a major cause of pain, disability and reoperation with the rate of recurrence after lumbar discectomy varying from 5% to 11% [11] . Despite the well-known effect of obesity on the musculoskeletal system, the establishment of obesity as a risk factor for recurrent lumbar disease remains controversial [6] [7] [8] .
Previously published literature has investigated whether obesity increases the risk of recurrent LDH is unclear with conflicting data and indifferent about the association with different lumbar spine levels. Thus, the objective of this study was to investigate whether there is an association between BMI and recurrence in patients after surgical treatment of single-level LDH associated with different lumbar spine levels. This may help to a better management and surgical plan in those patients.
Materials and Methods
This retrospective cohort study was performed in the University Hospital of Larisa between July 2009 and January 2016. The mean follow-up was 3.5 years (from 1 to 8 years). This study was approved by the Institutional Review Board in accordance with current institutional regulations and a waiver for ICF since study was observational. 
Inclusion and exclusion criteria
This study included patients that underwent surgery for singlelevel LDH. The exclusion criteria were: multilevel herniations, previous surgery of lumbar stenosis, history of injury to the lumbar spine with fracture and patients with skeletal deformities.
Method of data retrieving
Medication fill and medical encounter diagnoses data were extracted using data which encompass all inpatient and outpatient medical records from the database of our hospital. All patients had imaging series that included an anterioposterior and lateral radiograph of the lumbar spine, immediately postoperatively and at 12 months postoperatively, to evaluate the range of motion and the device position. Using magnetic resonance imaging (MRI) to assess the size and location of disc herniation at the level of maximal extrusion in reference to a single intra-facet line drawn transversely across the lumbar canal, to and from the medial edges of the right and left facet joints.
Patient groups
Patients were divided into three groups (group A: with LDH in levels L2-L3 and L3-L4 (upper disc levels); group B: with LDH in level L4-L5; group C: with LDH at L5-S1 level).
Outcomes
Primary outcome was the recurrence of LDH. Recurrence was defined based on the following two criteria: 1) MRI confirmed two or three size disc herniation (Fig. 1a) and 2) when new signs and neurological symptoms occur after a period free of these (back pain and drop foot).
Secondary outcome was quality of life was scored using Odom's scale in immediate postoperative period and at the 12-month follow-up.
Data definitions

MRI showing disc's size and location
To illustrate the size of disc herniation, the lesion was described as 1, 2, or 3 (Fig. 1a) . In reference to the intra-facet line, a determination was made as whether the disc herniation extends up to or less than 50% of the distance from the non-herniated posterior aspect of the disc to the intra-facet line (size-1), or more than 50% of that distance (size-2). If the herniation extends overall beyond the intra-facet line, it was termed a size-3 disc. In cases of more caudal or more cephalad maximal extrusions, this measurement was taken from the posterior edge of the vertebral cortex/endplate instead of the disc. To further qualify location of the disc herniation, the lesion is described as central, lateral or far lateral (Fig. 1b) [12] .
Quality of life assessment
Quality of life was assessed by the Odom's scale, and the outcome was classified as: excellent (I) -improvement of preoperative symptoms and signs; good (II) -minimal persistence of preoperative symptoms, abnormal findings improved or un- To portray the size of disc herniation, the lesion is described as 1, 2, or 3 (a). In reference to the intra-facet line, a determination is made as to whether the disc herniation extends up to or less than 50% of the distance from the non-herniated posterior aspect of the disc to the intra-facet line (size-1), or more than 50% of that distance (size-2). If the herniation extends altogether beyond the intra-facet line, it is termed a size-3 disc. To further qualify location of the disc herniation, the lesion is described as central, lateral or far lateral (b).
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J Clin Med Res. 2018;10(6):486-492 changed; fair (III) -definite relief of some preoperative symptoms, other symptoms slightly improved or unchanged; poor (IV) -symptoms and signs unchanged or exacerbated [13] . BMI was derived from the mass (weight) and height of an individual. BMI was calculated as weight (kg)/height squared (m 2 ) [14] . Commonly accepted BMI ranges are underweight: under 18.5 kg/m 2 , normal weight: 18.5 to 25 kg/m 2 , overweight: 25 to 30 kg/m 2 , obese: over 30 kg/m 2 [15] .
Indications for surgery as well as for the selection of each surgical technique
MD: in patients who had herniated disk extended in one side only, fenestrations cause the minimal possible damage in spinal and thus offer more stability.
PL: in patients with very large (size-3) herniated disk, in order to keep a bridge of the bone and thus much more stability.
HL: in patients with far lateral herniated disc, in order to do foraminotomy to the adjacent and the outbound roots.
Standard (open) L: in patients with far lateral very large (size-3) herniated disc extended in two sides of the spinal, in order to do foraminotomy bilateral to the adjacent and the outbound roots.
Statistical analysis
Data are expressed as mean (± SD). Data were assessed for normality using the Shapiro-Wilkes test. Nominal data were analyzed using the Fisher's exact test. Continuous data were analyzed using the Student's t-test or the Mann-Whitney U-test as appropriate. Variables significantly associated with in univariate analysis were then entered in a multivariable analysis model. A P value < 0.05 was considered as statistically significant. Statistical analyses were performed with the use of Statistical Product and Service Solutions (SPSS) software, version 15 (SPSS Inc., Chicago, IL, USA).
Results
Two hundred fifty-six (256) patients were included in this study. Baseline characteristics of study participants are shown in Table 1 . Statistically significant differences were found between the group A and the rest of the patients in respect of BMI (P = 0.001), length of hospital stay (P = 0.049), family history (P = 0.001), location (far lateral) (P = 0.003) and history of Fotakopoulos
injury to the lumbar spine (P = 0.003) ( Table 1 ).
Outcomes
Clinical outcomes are shown in Table 2 . Overall, recurrence rate was 7.4% (19/256 patients). Recurrence incidence was higher in group A compared to other groups (P = 0.001) (Fig.  2) . In addition the proportion of Odom score IV patients in group A was significantly greater compared to other groups. Univariate analysis revealed that BMI and history of injury to the lumbar spine were associated with recurrence (Table 3) . Μultivariate analysis revealed that only BMI was an independent predictor for recurrence (OR (95% CI) 1.53 (1.28 -1.84)) ( Table 4) .
Receiver operating characteristic (ROC) analysis revealed that BMI presented the best performance to identify recurrence with an area under curve standard error (AUC (SE)) of 0.839 (0.060) (P = 0.001), whereas a BMI value of > 24.4 kg/m 2 presented with 73.7% sensitivity and 90% specificity for recurrence (Table 5) (Fig. 3) .
Discussion
Οur findings suggest that in patients that underwent surgery for LDH with a BMI value > 24.4 kg/m 2 , the recurrence rate BMI and Recurrence of Lumbar Disc Herniation J Clin Med Res. 2018;10(6):486-492 was bigger and was independent. Furthermore, the incidence of recurrence in those patients was also increased when upper disc levels occur. Although the optimal treatment for LDH has been object of great efforts to surgeons around the world, the effectiveness varies from 50% to 90% [16] . Thus, the LDH acquires the same importance, especially when it needs reoperation [17] . It is defined as recurrent back and/or leg pain after a definite pain-free period from initial surgery. The time after surgery that usually required returning the patients back to the operative room is between 3 and 50 days [17] . Interest is that lesions degenerated at the same level arising 4 -6 weeks after surgery and tends to be traumatics [18] . In our data, this time estimated about 4 months. However, our knowledge about the mechanism and the causes following recurrence after LDH surgery was limited.
There are studies unable to identify any risk factor [19] and other who implicated the surgery technique and the location of the herniated disc (far lateral), as a possible reason [20] .
Although it is difficult to make comparisons with the literature different surgical techniques at surgery treatment of the LDH, in order to eliminate this unpredictable parameter, we used four surgeries techniques (MD, L, HL and PL) that described above. In our study, the location (far lateral) of LDH was found statistically significant (P = 0.003) between A, B and C groups, but multivariate analysis was not independent factor for recurrence. Regarding surgical techniques, statistical difference in patients' outcomes was not revealed.
Many reports had classified the history of injury to the lumbar spine as main risk factor that led to recurrence of LDH [3, 17, 21] . Our study revealed a statistically significant difference between groups A and B and A and C (P = 0.003 and P = 0.013, respectively). Instead, multivariate analysis (Table  4) illustrated that incidence at history of injury to the lumbar spine was not independent factor of recurrence (P = 0.010). Thus, patients with injury in the past to the lumbar spine, when underwent surgery for LDH in upper lumbar disc levels had an increased incidence for recurrence only when associated with a BMI value > 24.4 kg/m 2 . However, the literature mentioned another possibly risk factor predisposing to recurrence LDH is diabetes, where patients suffer in much higher rate of LDH, possibly of a mechanism reducing the proteoglycans density at the disc [22] . Another study reports that in elderly patients the LDH recurrence was limited and that had satisfactory outcome [23] . Indeed our study did not find any statistically significant difference between groups compared with the age and diabetes.
On the other hand, the disc herniated volume as depicted at the magnetic resonance imaging (MRI) correlates with the rate of the LDH recurrence [24] . However, in our study, there was not any correlation between grade of LDH and recurrence.
It has been reported also that obese patients appear to have a relatively lower risk for LDH recurrence [17] . On the other hand, based on the retrospective nature of our study, we found a statistically significant association between BMI, LDH and clinical outcome, in patients who undergo surgery for singlelevel LDH. In our study also, ROC analysis showed that BMI and recurrence presented the best performance (P = 0.001); a BMI value of > 24.4 kg/m 2 presented with 73.7% sensitivity and 90% specificity. The recurrence rate in upper disc levels (group A) was statistically significant compared with the other groups (P = 0.001). Thus in patients that underwent surgery for LDH with a BMI value > 24.4 kg/m 2 , the recurrence rate was bigger when upper disc levels occur.
Regardless of herniation level, some studies report that the relative advantage for surgery is greater for patients with herniation at higher lumbar levels, with non-operative treatment being less effective in these patients compared with those at L4-L5 and L5-S1 [25] . In our data, the incidence of recurrence after surgery for disc herniation in group A was 11 cases (18%) compared with group B (3.8%) and group C (4.4%) with a statistically significant difference between groups A and B and A and C (P = 0.003 and P = 0.013, respectively). This means that the recurrence rate after surgery for LDH was bigger when upper disc levels occurred. On the other hand, the medical literature is mixed on whether people who smoke are at greater risk for a new herniation following a discectomy [26] [27] [28] . Our study suggests that there was not any correlation in groups between smoke and patients' outcomes.
One extensive study also found that a family history of lumbar herniated discs is the best predictor of a future herniation [14] . Our data showed a statistically significant difference between groups A and B and A and C (with P = 0.003 and P = 0.013, respectively), but in multivariate analysis there was not an independent factor for recurrence.
There are several points of our study that have to be considered when interpreting its results. Firstly, data were retrospectively collected and in this respect most sources of error due to confounding and bias are more common compared to a randomized study. In this respect, definitive conclusion is hard to be drawn. Another point that should be clarified is the relationship between recurrence assessed and different characteristics of each surgical technique. In order to clarify this point we introduced in analyses variables that describe different clinical parameters, i.e. family history, location, and treatment modalities (length of therapy, steroid use). In addition, it should be pointed out that this is a one-center study and the population studied was small.
Conclusion
We believe that an association between the severity of disc degeneration and weight in overweight and obese adults exists and surgeons should be aware that BMI might be related to patients' outcome, mainly to those with a BMI value > 25.4 kg/ m 2 . Furthermore, the incidence of recurrence in those patients was also increased when operated on LDH in upper disc levels compared with those patients that underwent surgery for disc herniation in L4-L5 and L5-S1 levels. May be more studies are needed in order to understand why these patients are more prone to the appearance of the LDH.
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